Introduction
Metabolic syndrome (MetS) is a combination of several metabolic risk factors, including abdominal obesity, high blood pressure, lipid abnormalities, and hyperglycemia. MetS also increases the risk of various lifestyle-related diseases, such as cardiovascular events and diabetes (Mottillo et al. 2010) . Furthermore, the prevalence of MetS is estimated at 17% to 32% in the general population, representing a considerable concern for public health (Day 2007) .
In Japan, the major reasons for tooth extraction are periodontal disease (41.8%), dental caries (32.7%), and resulting dental fractures (10.6%; Aida et al. 2006 ). In addition, periodontal disease has been shown to be associated with obesity, abdominal obesity, and MetS (Saito et al. 1998; Saito et al. 2001; Shimazaki et al. 2007) , and epidemiologic evidence accumulated over the last 2 decades suggests that periodontal disease is associated with dyslipidemia, glucose intolerance, hypertension, and a low-grade systemic inflammatory state, including obesity (Cutler et al. 1999; Katz et al. 2002; Nibali et al. 2007; Paraskevas et al. 2008; Tsakos et al. 2010) . A systematic review and meta-analysis further demonstrated an association between MetS and periodontitis (Nibali et al. 2013) , and Holmlund et al. (2007) demonstrated that tooth loss was related to the presence of MetS in 947 subjects aged ≥70 y. Therefore, MetS represents a concern for public health as well as oral health. However, the association between the number of teeth present and MetS that accounts for demographic characteristics has not been clarified. Therefore, the purpose of this study was to clarify the association between number of teeth present and MetS in Japan with data from nationwide study.
Methods

Data Source
All data were obtained from the 2004 Japanese National Health and Nutrition Survey. These data were available with permission from the Ministry of Health, Labour and Welfare of Japan. The 2004 National Health and Nutrition Survey consisted of 3 sections: physical status, nutrition intake, and lifestyle. In this study, we examined data for 3,195 participants aged ≥35 y. Participants <35 y old were excluded from analyses because they did not have any tooth loss and the prevalence of Mets was estimated to be <5% (data not shown). Pregnant women were also excluded from the analysis because their waist circumferences were not measured.
Independent and Dependent Variables
The independent variable, number of teeth, was measured by self-report. The dependent variable, MetS, was measured according to the 2004 National Health and Nutrition Survey criteria. The components of MetS included dyslipidemia (highdensity lipoprotein cholesterol <40 mg/dL), hypertension (systolic blood pressure ≥130 mm Hg and/or diastolic blood pressure ≥85 mm Hg), and hyperglycemia (glycosylated hemoglobin A1c ≥5.5%) or the use of medications to treat these disorders. MetS is strongly suspected in patients who exhibit at least 2 of these components in addition to abdominal obesity (waist circumference ≥85 cm for men and ≥90 cm for women; Japan Society for the Study of Obesity 2002).
Potential Confounders
Potential confounders included age, sex, alcohol consumption, smoking, intensity of daily activity, and energy intake.
Alcohol consumption was categorized according to dose, with 1 dose being 20 g/d of ethanol. Participants were categorized into the habitual group (those who consumed ≥1 doses of alcohol >2 d/wk) or the none-or-less group. Participants were also classified per their smoking habits. Never smokers included those who had never smoked or who had smoked <100 cigarettes in the 6-mo period after starting smoking. Former smokers included individuals who had smoked >100 cigarettes or who continued smoking >6 mo after starting smoking but who had not smoked within the last month. The current smoker category included individuals who had smoked >100 cigarettes or smoked >6 mo after starting smoking and had smoked within the last month.
Intensity of daily activity was classified into 4 categories. Category 1 (low) included individuals who had taken a slow walk or gone shopping on foot for about 1 h/d but who had spent most of the day in a seated or reclined position (reading, studying, talking, watching television, or listening to music). Category 2 (slightly higher) included those who had worked in a standing position for about 2 h/d but spent most of the day doing office work or talking in a seated position. Category 3 (moderate) included those who had exercised relatively hard for about 1 h/d, spent most of the day working in a standing position, or engaged in relatively hard work (e.g., agricultural work and fishing) for about 1 h/d. Category 4 (high) included those who had exercised very hard (e.g., hard training, carrying wood, or agricultural work during the busy farming season) for about 1 h/d.
Statistical Analyses
We used bivariate and multivariate logistic regression analyses to evaluate the relationship between the number of teeth present and MetS. Odds ratios with 95% confidence intervals were calculated for these comparisons. Moreover, we performed an analysis of covariance (ANCOVA) to compare the mean number of teeth between those with and those without MetS after adjusting for potential confounders. A probability value <0.05 was considered significant. Logistic regression analyses and ANCOVA were adjusted for the above-mentioned potential confounders. Statistical analyses were performed with PASW 18.0 (SPSS, Inc) software.
Results
The basic characteristics of the study participants are shown in Table 1 . The prevalence of MetS among the 3,195 participants was 16.5%, and the prevalence increased with age except among those aged ≥85 y. In the bivariate analysis, MetS was significantly associated with having fewer remaining teeth, increasing age, being male, smoking, and moderate daily physical activity (Table 2) . When adjusted by age, sex, alcohol consumption, smoking habit, intensity of daily activity, and energy intake in the multivariate logistic regression model, MetS was significantly associated with having fewer teeth, increasing age, and being male. In addition, those having 1 to 9 teeth had a higher odds ratio (2.41; 95% confidence interval, 1.61 to 3.59) than those with more teeth (i.e., those with 10 to 19, 20 to 27, and ≥28 teeth). As seen in Table  2 , energy intake was not associated with Mets in bivariate and multivariate logistic models. Moreover, energy intake was not associated with number of teeth in each age group of our subjects, and no interaction was observed between them (data not shown).
Additionally, the age-stratified ANCOVA demonstrated that the number of teeth decreased with age ( Fig.) . In addition, the number of teeth among those with MetS was significantly lower than the number of teeth among those without MetS in the age groups of 45 to 54, 55 to 64, and 65 to 74 y.
Discussion
The results of our analysis of the 2004 Japanese National Health and Nutrition Survey suggest that having fewer remaining teeth is related to MetS. This finding remained after adjusting for known confounders, including age, sex, alcohol consumption, smoking, intensity of daily activity, and energy intake.
Although several diagnostic criteria for MetS have been proposed by different organizations over the past decade, we analyzed our data according to Japanese criteria-which are based on waist circumference, not body mass index. Waist circumferences of 85 cm in men and 90 cm in woman indicate a visceral fat area of approximately 100 cm 2 , which is associated with a risk of obesityrelated disorders (Japan Society for the Study of Obesity 2002). In fact, MetS as CI, confidence interval; IV, independent variable; MetS, metabolic syndrome; OR, odds ratio.
defined by the Japanese (i.e., modified waist circumference ≥90 cm in men and ≥80 cm in women) might be a better predictor of ischemic stroke subtype (Hata et al. 2010 ) and cardiovascular disease (Doi et al. 2009) in the Japanese population. Thus, waist circumference is a suitable indicator for the risk of obesity-related disorders in a populationbased study.
As mentioned above, a systematic review and meta-analysis presented clear evidence for an association between MetS and periodontitis (Nibali et al. 2013) . Similar studies have also found an association between periodontal disease and obesity, hypercholesterolemia, insulin resistance, and hypertension. Moreover, most studies included in the systematic review showed a gradient effect for the association between periodontitis and number of MetS components (Shimazaki et al. 2007; Kushiyama et al. 2009; Morita et al. 2009; Andriankaja et al. 2010; Han et al. 2010; Nesbitt et al. 2010; Timonen et al. 2010; Bensley et al. 2011) , and another systematic review estimated that those who were overweight or obese were more likely to have periodontitis (odds ratios = 1.3 and 1.8, respectively; Suvan et al. 2011) . Furthermore, in Japan, the major reason for tooth extraction is periodontal disease (41.8%), which is common in Japanese subjects >45 y old (Aida et al. 2006) . Based on these studies, the decreased number of teeth could be a proxy for history of periodontal disease.
Previous research has also shown that elderly people who are edentulous, have fewer natural teeth, or have fewer pairs of opposing teeth have a lower nutrient intake (Sheiham and Steele 2001; Sahyoun et al. 2003; NowjackRaymer and Sheiham 2007) , perhaps because this population prefers soft, easily chewable food and many of those foods generally have a lower nutritional quality (Sahyoun et al. 2003) . Another study found that tooth loss among community-dwelling middle-aged and elderly Japanese men was associated with poor nutritional status, especially poor intake of vitamins and minerals (Ando et al. 2013 ). Additionally, a recent national study showed that a lowfat, high-carbohydrate diet is related to periodontal disease, suggesting that malnutrition may lead to tooth loss (Hamasaki et al. 2016) . Moreover, previous research has shown that the number of natural teeth was inversely associated with the prevalence of MetS in adults in the United States (Zhu and Hollis 2015) , rural adults in Taiwan (Tsai et al. 2015) , and women in South Korea (Kim et al. 2016) .
This study has several limitations. First, the cross-sectional study design prevented us from confirming causality or identifying the mechanisms underlying the relationship between the number of teeth present and MetS. Second, many confounding factors exist, and the association between MetS and periodontal disease may be weak when compared with other confounding factors (Timonen et al. 2010) . However, because we were unable to adjust for all possible confounding factors, other unexamined factors, such as socioeconomic status, might have affected the study results. Third, the analysis was based on selfreported number of teeth, which could lead to response bias; however, participants are generally good at estimating their remaining number of teeth (Buhlin et al. 2002) . Therefore, longitudinal studies examining all potential confounders are needed. Despite these limitations, this study has some strengths. For example, it used data derived from a nationwide population; therefore, these results had enough power and are generalizable to the larger population in Japan.
In conclusion, the results of this nationwide population-based crosssectional study showed that the number of teeth present was significantly associated with MetS. Therefore, oral health may be an important indicator of general health, and individuals suffering from periodontal disease or extensive tooth loss should be referred for a general medical examination. Comparison of number of teeth present between Japanese individuals with and without metabolic syndrome (MetS) according to analysis of covariance by age group. Adjusted for age (continuous variable), sex, alcohol consumption, smoking habit, intensity of daily activity, and energy intake.
